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EDITORIAL Note. Professor Emerita Ruth Dixon 
Turner died on 30 April 2000 and was for the last 
several months of her life severely disabled; in fact, 
her active work as a researcher was considerably fore- 
shortened by medical problems beginning in about 
1995. Among her Nachgelassene Werke was an im- 
portant manuscript on the systematics of the deep- 
sea pholadid bivalve genera Xylophaga, Xyloredo, and 
Xylopholas , a manuscript that she had been preparing 
for a number of years and one that had the active 
support of the U.S. Department of Defenses, then. 
Office of Naval Research (ONR). Professor Turner 
was unquestionably a leading world authority on 
these taxa and had posted this document, in its pre- 
liminary draft form, on a Web site; after her retire- 
ment and the beginning of the illnesses that plagued 
her, the manuscript was removed from the Web site 
with the intent of readying it for formal publication. Two 
outside authorities. Dr. Jorgen Knudsen of the Zool- 
ogisk Museum, Kpbenhavns Universitet, K0benhavn, 
Denmark, and Dr. K. Elaine Hoagland, then at the 
Association for Systematic Collections, Washington, 
D.C., were solicited to make criticisms, and these, 
along with my own, were incorporated into a more 
advanced revision of the text prepared by Ms. Helene 
Ferranti, a long time coworker and associate of Pro- 
fessor Turner. Ms. Ferranti agreed to revise this 
Nachlass in accordance with the comments of the re- 
viewers and to update its content and organization. 
Having collaborated with Professor Turner on the 
subject of deep-sea bivalves, Ms. Ferranti is credited 
herein as the person responsible for the final com- 
pletion and revision of this valuable text. The new 
species described, for which specimens are available 
for study in the Museum of Comparative Zoology 
(MCZ), and the taxonomic suggestions incorporated 
into the text are to be credited to Professor Turner. 

Kenneth J. Boss 

Editor 

ABSTRACT. The provisional grouping of the species 
of the bivalve genus Xylophaga suggested by Turner 
and Culliney is further elaborated, with 37 species 
assigned to six groups depending on characteristics of 
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the mesoplax, siphons, muscle scars, and method of 
reproduction. Three cases of variation in species of 
Xylophaga are discussed: variation in response to dif- 
ferent substrates, variation that possibly is genetic, 
and variation in a normal growth series. Some obser- 
vations are made regarding the ecology of deep-sea 
wood borers based on experiments carried out with 
wood panels; these support the hypothesis that wood 
contributes to the growth and diversity of deep-sea 
organisms and that the Xylophagainae contribute sig- 
nificantly to the food chain by converting wood to a 
usable form. A section on systematic^ considers 19 
species o {Xylophaga, of which 7 are new, as well as 
the monospecific genus Xylopholas and three species 
of Xyloredo. Detailed descriptions are given of new 
species. 

INTRODUCTION 

The Xylophagainae, a subfamily of the 
Pholadidae, is composed of the genera Xy- 
lophaga Turton, 1822, Xyloredo Turner, 
1972, and Xylopholas Turner, 1972. Species 
in the genus Xylophaga range in depth 
from just below low tide (X. dorsalis Tur- 
ton) to depths of 7,000 m (X. grevei Knud- 
son), whereas species in Xyloredo and Xy- 
lopholas are restricted to the deep sea 
(depths of 239 to more than 2,000 m). 
Species in Xyloredo range in depth from 
1,737 to more than 2,000 m (X. nooi Turn- 
er, 1972) and species in Xylopholas range 
from 239 to 366 m (X altenai Turner, 
1972), with one lot dredged in 2,550 m off 
Port Victoria, Sao Tome, Gulf of Guinea. 
However, the Sao Tome specimens were 
boring in coconut shells and may not have 
been living at that depth. 

The Xylophagainae are marine, cosmo- 
politan, and range from moderate to abys- 
sal depths. All of the Xylophagainae, so far 
as known, are wood borers, and all are 
sublittoral. Only in high latitudes do they 
compete with shipworms (Teredinidae) in 
cold boreal waters. So far as known, the 
Xylophagainae do not occur intertidally, or 
in floating wood. Wood containing speci- 
mens of the Xylophagainae usually has 
been obtained by dredging. Occasionally, 
specimens may be obtained from water- 
logged wood that lias been brought up and 
thrown ashore during a storm after being 
on the bottom for some time. 



Until recently, the Xylophagainae were 
considered to be deep-sea organisms of lit- 
tle or no economic importance. They were 
rare curiosities, of interest mostly in their 
role of recycling wood on the continental 
shelf and slope and in the abyss, largely 
beyond the depth range of the teredinids. 
The Xylophagainae often were referred to 
as shipworms and because of the ephem- 
eral, patchy distribution of wood in the 
deep sea were thought to have little im- 
pact on ecological processes. With the ex- 
tension of human activities into the deep 
sea for fishing (especially trap fishing for 
lobsters and crabs), as well as for archae- 
ology, mining, monitoring currents, and 
other activities, these borers are now gen- 
erally considered to be pests. 

Species in the genus Xylophaga ( Xylo = 
wood, phaga = eating) are restricted to 
wood, woody plants, and structures made 
of wood found in the deep sea. In com- 
mon with the teredinids (shipworms), they 
have symbiotic bacteria in their gills (Wa- 
terbury et al., 1983). These bacteria are be- 
lieved to have the ability to digest cellulose 
and probably to fix nitrogen. Collaborative 
work with Dr. Waterbuiy, microbiologist at 
Woods Hole Oceanographic Institute, was 
unable to culture cellulose-digesting bac- 
teria from the gills of X atlantica , but ev- 
idence was found of cellulose enzymes in 
the gill tissue. 

The three genera of Xylophagainae may 
be briefly characterized as follows: 

Genus Xylophaga Turton. Siphons rela- j 
tively short, of equal length or with the 
excurrent siphon truncated, and often 
capable of retraction between the 
valves. Burrow seldom more than five 
times the length of the valves and often 
with a chimney of fecal pellets lining the 
posterior end of the burrow. 

Genus Xylopholas Turner. Shell typical 
but with the animal extended and with 
lateral plates on the siphons. 

Genus Xyloredo Turner. Shell typical but 
animal elongated and producing a tere- j 
dinidlike burrow that is lined wfith a cal- 
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careous tube marked with distinct 
growth rings and margined anteriorly 
with a periostracal band. 

The Xylophagainae are often confused 
with teredinids, but the gills and digestive 
and reproductive organs in the Xylopha- 
gainae do not extend posteriorly beyond 
the valves. In addition, the Xylophagainae 
do not have pallets to close the entrance 
to their burrows or apophyses for the at- 
tachment of the foot muscles. In common 
with the teredinids, but unlike species in 
the pholadid genera Mcirtesici and Ligno- 
pholas, the only other genera of wood-bor- 
ing pholadids, the Xylophagainae have a 
large wood-storing cecum and probably 
utilize the wood in which they bore as 
food. For details of anatomy, see Purchon 
(1941) for Xylopliaga dorsalis Turton, and 
Turner (1955) for X. atlantica. 

SPECIES GROUPS IN THE 
GENUS XYLOPHAGA 

Genus Xylophaga Turton. Xylopliaga Turton, 1822, 
Conchylia Insularum Britanicarum, p. 253 (type 
species, Teredo dorsalis Turton, 1819). 

Species in this genus are characterized 
by teredolike shells that lack apophyses 
and have a divided mesoplax that is vari- 
able in shape and size. A chrondrophore 
and internal ligament are present. The si- 
phons are variable, united for part or all of 
their length, with the excurrent siphon of- 
ten truncated. The visceral mass and gills 
do not extend beyond the valves posteri- 
orly. The wood-storing cecum is large. 

In his discussion of the taxonomy of Xy- 
lophaga, Knudsen (1961) believed that the 
use of subgenera was not feasible and 
would only lead to the creation of a large 
number of monotypic subgenera that 
would be of limited value. This is still par- 
tially true but new species described in 
this report and the additional material now 
available concerning other species have 
made possible a provisional grouping ol 
the species, as suggested by Turner and 
Culliney (1971). See also Hoagland and 



Turner (1981) and Hoagland (1983). This 
grouping is helpful when discussing rela- 
tionships and geographic distribution. The 
characters used for grouping the species 
are those mainly of the mesoplax and si- 
phons in conjunction with the muscle scars 
and methods of reproduction (see Text- 
Fig. 1). The mesoplax is a transverse plate, 
usually wider than long, that straddles the 
valves at the umbos and partially or com- 
pletely covers the posterior end of the an- 
terior adductor muscle. The mesoplax may 
be composed of one or two parts. The im- 
portant character of the mesoplax is the 
presence or absence of a ventral portion 
and tubes; the more detailed characters, 
such as the presence of lobes, seem to be 
of specific value only. Siphonal characters 
include the relative length of the two si- 
phons, the presence or absence of cirri at 
the apertures, and the type of siphonal 
folds, which may or may not have lappets 
or fringes. 

Not all characters are known for all spe- 
cies and a few species seem to be transi- 
tional between groups. There is no ques- 
tion that more material is needed before 
definite statements can be made concern- 
ing the formal use of subgenera. However, 
the grouping of species as presented here 
does offer an opportunity to speculate on 
the possible origin and evolution of the ge- 
nus and to focus attention on the types of 
information that should be considered in 
future studies. Comparative anatomical 
and molecular studies are greatly needed 
but it probably will be some time before 
these can be completed because well-pre- 
served specimens of deep-sea Xylopliaga 
are rare and difficult to obtain. 

If we consider species with simple si- 
phons of equal length and a mesoplax of 
two simple flat to slightly curved plates to 
be the basic type, it is possible to group 
the species in what appears to be a devel- 
opmental series of six groups. This list 
does not include all nominal Xylophaga. 
The groups may be characterized as fol- 
lows: 
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siphonal retractor umbonai reflects 



pedal retractor 
posterior adductor 



anterior adductor 




ventral adductor 
umbonai -ventral ridge 



umbonai- ventral sulcus 



Text-Figure 1 . Nomenclature of parts of Xylophaga. (1) Internal view of left valve showing relative position of muscle scars. (2) 
External view of left valve. (3) Dorsal view of animal with siphons retracted. (4) Lateral view of entire animal with siphons 
extended. 



Group 1. Mesoplax composed of two 
simple flat or slightly curved plates lo- 
cated posterior to the anterior adductor 
muscle and standing erect. Siphons of 
equal length or with the excurrent si- 
phon slightly shorter, cirri on one or 
both siphons present or absent. Group 
1 includes X. erect a Knudsen, X. con- 
cave Knudsen, and X. gerda Turner n. 
sp. 

Group 2. Mesoplax composed of two 
plates that may be curved, flat, sculp- 
tured, or smooth, set at an acute angle 
to each other, lack dorsal tubes and a 
ventral portion, but cover the anterior 
adductor muscle dorsally. Siphons of the 
same length or with the excurrent si- 
phon slightly shorter and with large cirri 
on the sides of the excurrent siphon and 
small cirri at the incurrent siphon. 
Group 2 includes X. grevei Knudsen, X. 
wolffi Knudsen, X. hadalis Knudsen, X. 
galatheae Knudsen, X. murrayi Knud- 
sen, X. africana Knudsen, X. panamen- 
sis Knudsen, and X. clench i Turner and 
Culliney. 



Group 3. Mesoplax composed of two 
nearly flat plates set at an acute angle to 
each other forming an inverted V, with 
tubes extending from the posterior dor- 
sal surface or longitudinally folded with 
anterior lobes or pores. Mesoplax lack- 
ing a ventral portion and set in a tentlike 
fashion over the anterior adductor mus- 
cle. Siphons nearly the same length and 
usually with small cirri on both open- 
ings. Group 3 includes X. supplicate 
Taki and Habe, X. lob at a Knudsen, X. 
tubulate Knudsen, X. bniuni Knudsen, 
X. obtusata Knudsen, X. whoi Turner n. 
sp., and X. profunda Turner n. sp. 

Group 4. Mesoplax composed of two 
plates that have a small to large ventral 
portion, the dorsal portion being 
smooth, folded, or lobed. Siphons of the 
same length or with the excurrent si- 
phon slightly shorter and with cirri or 
papillae at one or both openings. Group 
4 includes X. abyssorum Dali, X. dupli- 
cate Knudsen, X. niuraokai Turner n. 
sp., X. foliate Knudsen, and X. atlantica 
Richards. 
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Group 5. Mesoplax composed of two 
plates that are more or less triangular in 
outline, with a ventral portion ranging 
from veiy narrow to more than one half 
the width of the dorsal portion. The ex- 
current siphon may vaiy in length from 
one half to three quarters that of the 
incurrent siphon and have cirri, or it 
may be truncated just posterior to the 
valves and have dorsal lobes or folds ex- 
tending from the truncation along the 
dorsal surface of the incurrent siphon 
for part or all of its length. Group 5 in- 
cludes X. washingtona Bartsch, X. ri- 
kuzenica Taki and Habe, X. aurita 
Knudsen, X. turnerae Knudsen, and X. 
praestans E. A. Smith. 

IGroup 6. Mesoplax composed of two 
more or less ear-shaped plates some- 
what coiled posteriorly Excurrent si- 
phon truncated near the posterior end 
of the valves, continuing as lateral lobes 
extending from the truncation along the 
dorsal surface of the incurrent siphon. 
These lobes may vary in width but are 
always fringed. Group 6 includes X. dor- 
salis Turton, X. depalmai Turner n. sp., 
X. g aineensis Knudsen, X. mexicana 
Dali, X. tipperi Turner n. sp., X. bay eh 
Turner n. sp., X. globosa Sowerby, X.ja- 
portica Taki and Habe, and X. indica 
Smith. 

Most species are known only from the type 
series and these have all been studied by 
the author except X. indica , and the spe- 
cies described by Taki and Habe. Howev- 
er, paratype specimens received through 
the kindness of Dr. Habe are in the col- 
lection of the MCZ. They include X. ja- 
ponica, X. hkuzenica , X. teramachi , andX. 
supplicata , although unfortunately all lack 
the mesoplax except the last. Two species, 
X. teramachi Taki and Habe (Taki and 
Habe, 1950) and X. tomlini Prashad (Pras- 
had, 1932); are known only from the valves 
and remain unassigned. A map showing 
the distribution of species of Xylophaga is 
provided in Text-Figure 2. 

Nineteen of the 37 species of Xylophaga 



listed in the groups above as well as the 
monospecific genus Xylopholas and the 
three species of Xyloredo are considered 
in the section on systematic^. Some spe- 
cies are discussed more fully than others 
but the distinctive characters have been 
given for all. For example, Xylophaga mex- 
icana Dali and Xylophaga abyssorum Dali 
are fully described because these names 
were based on valves only and were vir- 
tually nomina dubia. By matching the 
valves of the holotypes with complete 
specimens, it has been possible to fix the 
names of these species. If additional char- 
acters or records are given for a well-de- 
scribed species, a reference is made to the 
description. Detailed descriptions 
are given for new species. 

VARIATION 

Knudsen (1961) aptly stated that very 
little was known about variation in species 
of Xylophaga . Unfortunately, large series 
of any one species seldom have been avail- 
able for study because material usually is 
obtained from small pieces of wood or oth- 
er plant material that has been dredged or 
occasionally thrown ashore as driftwood. 
Of the 30 species listed by Knudsen and 
the 7 species described as new in this pa- 
per, 24 are known from fewer than 10 
specimens; only 7 species are known from 
series of more than 100 specimens. Most 
are known from only one or two localities 
and often all specimens are from a single 
piece of wood, and may all be of the same 
set, that is, have settled at the same time. 
Consequently, it is not surprising that all 
specimens in any one lot are quite similar. 
Only since the beginning of deep-sea test- 
ing and the use of the submersible DSV 
Alvin to place experimental wood islands 
at great depths has it been possible to ob- 
tain sufficient material to study intraspe- 
cific variation in this subfamily. 

The earliest work of this sort was done 
by the U.S. Naval Civil Engineering Lab- 
oratory (USNCEL) and the Navy Ocean- 
ographic Office (NOO). Three cases of 
variation based on this material are re- 
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ported here. The first case involves varia- 
tion in response to different substrata, the 
second case exhibits variation that possibly 
is genetic because the substrate and all 
other parameters were as nearly uniform 
as possible, and the third case illustrates 
variation in a normal growth series. 

Variation Due to Different Substrates. 
Variation in Xylophaga washingtona in re- 
sponse to the substrate can be demonstrat- 
ed with material from the USNCEL tests. 
A series of 10 panels of different types of 
wood were attached to a submersible test 
unit (STU) that was submerged from April 
1965 to May 1966 off San Miguel Island, 
California (34°06'N, 120°42'W) at 2,370 ft 
(730 m) (see Table 1 and Text-Figs. 3-9). 
The 2 X 6 X 0.5-in (50.8 X 152.4 X 12.7- 
mm) wood panels were all attached to the 
same rack on the STU so that they would 
be lasting just above the mudline. Con- 
sequently, all factors affecting the borers 



were as nearly identical as possible except 
the substrate (i.e., the species of wood) on 
which the borer larvae settled and into 
which they would bore. Text-Figures 3-8 
illustrate typical specimens from each of 
the wood panels; Text- Figure 9 shows 
specimens from a phenolic laminated rod. 
It is interesting to note that the dorsal 
plates in all specimens are remarkably uni- 
form, varying only slightly in lengthAvidth 
proportions. Even the specimens taken 
from the phenolic laminated rod could be 
identified by the dorsal plates. 

The general shape of the valves with the 
high posterior slope also remained rather 
constant except in the extremely steno- 
morphic (stunted) specimens from Afam- 
beau and the phenolic laminated rod. It is 
difficult to explain the proportionate size 
of the larval valves on specimens boring 
into I larder materials except that these 
specimens had not greatly increased in di- 
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Table 1. Variation of Xylophaga washingtona burrows in different types of wood. 



No. Burrow Burrow 

Specimens Length Diameter 

Wood Examined (mm) (mm) Remarks 



Cedar 


50 


25.0 


4.5 


Ash 


125 


21.0 


5.0 


Maple 


75 


11.0 


5.5 


Pine 


35 


15.0 


5.0 


Oak 


±50 


15.0 


6.0 


Fir 


46 


12.0 


4.5 


Redwood 


46 


14.0 


4.5 


Greenheart 


75 


2.75 


1.75 


Afambeau 


19 


0.75 


0.05 


Anticlesma pulvinatum 


150 


0.10 


0.05 



many dead, often three or four specimens in one 
enlarged cavity where burrows ran together. 
Heavily attacked, particularly at one end. 
many dead, burrows running together, panel 
heavily attacked, particularly at one end. 
well distributed, with a little more concentration 
around the hole at one end. 
clustered at one end, newly settled to adult, 
evenly distributed, shells yellowish-green from 
wood. 

many newly settled, often cut into burrows of oth- 
er specimens. 

specimens stained dark red brown by wood, 
concentrated around edges. 

concentrated at one end, all very small, many in 
umbo stage veliger, 15 small depressions with- 
out animals. 

many newly settled, just beginning metamorpho- 
sis. 






Text-Figure 3. Typical specimens of Xylophaga washingtona collected from submerged cedar (top) and pine (bottom). 
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Ash 





Text-Figure 4. Typical specimens of Xylophaga washingtona collected from submerged ash (top) and maple (bottom). 



Oak 







Text-Figure 5. Typical specimens of Xylophaga washingtona collected from submerged oak (top) and fir (bottom). 
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Afambeau 



0.1 mm 

Text-Figure 7. Typical specimens of Xylophaga washingtona collected from a submerged panel of Afambeau. 
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ameter as they bored so that the larval 
valves were not inturned with the growth 
of the umbos. Evidently little or no attri- 
tion had occurred at the umbonal area or 
the embryonic valves would have been 
worn away. 

The most variable characters in this se- 
ries are the size of the valves and the num- 
ber of denticulated ridges on the anterior 
slope in relation to the length of the valves. 
Specimens from cedar, pine, ash, maple, 
oak, and fir (Text-Figs. 3—5) all were drawn 
to the same scale, as shown by the 5-mm 
scale bar, and are arranged in order of de- 
creasing size. The number of denticulated 
ridges on the anterior slope of these spec- 
imens varies from 12 to 20. Specimens 
from redwood, greenheart, Afambeau , and 
Antidesma pulvinatum (Text-Figs. 6—8) 
were drawn to their own scales and, al- 
though these specimens are much smaller, 
they have as many or more ridges on the 
anterior slope. The specimen removed 



from the phenolic laminated rod (Text-Fig. 
9) has 44 denticulated ridges. Correlated 
with the increased hardness of the sub- 
strate and the additional denticulated ridg- 
es is a proportional increase in the size of 
the posterior adductor muscle and its scar. 
This suggests the enlargement of the pos- 
terior adductor muscle in response to in- 
creased activity of boring. The general 
shape and sculpturing of the muscle scar 
was similar in all specimens. No noticeable 
variation was found in the siphons, except 
size, regardless of the substrate. However, 
specimens that were able to bore deeply 
into the wood usually formed a chimney 
composed of compacted fecal material lin- 
ing the posterior end of the burrow. 

Two periods of settlement apparently 
occurred on some of the panels, because 
specimens of two age groups could be 
found. However, it is impossible to say 
whether the specimens removed from the 
Antidesma were of the second set or if 
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1 mm 



Phenolic Laminated Rod 

Text-Figure 9. Typical specimens of Xylophaga washingtona collected from a submerged phenolic rod. 



they had simply been unable to increase 
in size because of the hardness, chemical 
composition, or both of the wood. Because 
the specimens apparently were alive at the 
time the wood was removed from the wa- 
ter and because only a few rows of dentic- 
ulated ridges were present, the inference 
was made that these specimens probably 
belonged to a second set. Certainly the lar- 
val shells shown in Text-Figure 8 must be 
from a second set. The number of speci- 
mens examined and the maximum length 
and diameter of the burrows for each type 
of wood are given in Table 1. 

Variation in the Mesoplax of Xylophaga 
| depalmai Turner n. sp. Approximately 300 
specimens of X. depalmai n. sp. were ob- 
! tained from tests conducted by the NOO 
i about 2-3 miles east of Fort Lauderdale, 

| Florida (26°04'N, 80°04'W) in depths 
from 100 to 500 ft (30.5 to 152.5 m) (see 
Table 14 under the description of X. de- 
palmai n. sp. for information giving panel 
numbers, depth, and dates of exposure). 
In this species, the general shape of the 
valves, the siphons, and the muscle scars 
show little variation but the mesoplax is 
extremely variable. The mesoplax is typi- 
cally bilaterally symmetrical, ear-shaped, 
longer than wide, with the two halves 
coiled inward at the posterior end, and 



with a Ions: medial line where the two 
halves meet (Plate 24, Figs. 16, 17). In nu- 
merous specimens, the mesoplax was not 
bilaterally symmetrical, but one half was 
considerably shorter than the other and of- 
ten appeared malformed (Plate 24, Figs. 
11—15). In several specimens, the ventral 
surface of the two halves of the mesoplax 
was fused by the periostracal covering, al- 
though the dorsal surface still appeared di- 
vided. In other specimens, the mesoplax 
was elongated, the coiled posterior ends, 
instead of curling inward toward each oth- 
er, remained nearly straight or curled 
slightly outward, with the ventral surface 
being completely fused (Plate 24, Figs. 1— 
5). In two specimens, the two halves of the 
mesoplax had completely fused dorsally 
and ventrally, although the lines of fusion 
remained clearly visible. The tapered pos- 
terior end of this cornucopialike mesoplax 
coiled slightly ventral and to the left. 

Such variation is in marked contrast to 
the uniformity seen in the mesoplax of X. 
washingtona Bartsch. It is impossible to 
say whether this variation is genetic or eco- 
logic but we are able to say that all types 
of the mesoplax of X. depalmai were found 
in a single panel retrieved from a depth of 
approximately 300 ft (91.44 m). Variation 
in the mesoplax is a factor that must be 
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taken into consideration when evaluating 
species in this genus. 

Variation Exhibited in Groioth Series. 
In most species of Xylophaga, the dorsal 
plate is quite simple and the mesoplax of 
the young is similar to that of the adult, as 
seen for X washingtona. Dons (1929a,b) 
described briefly and illustrated a similar 
situation in X. praestans Smith and X. dor- 
salis Turton. 

Some species have more elaborate dor- 
sal plates and for some of these (i.e., X 
mnraokai Turner n. sp., X. baijeri Turner 
n. sp., and X. abyssorum Dali), it is pos- 
sible to build up what appears to be 
growth sei'ies. All begin with a simple pos- 
terior covering to the anterior adductor 
muscle that is difficult to differentiate 
among the species in the young stage. As 
calcification of the periostrascal covering 
progresses, the adult form gradually ap- 
pears. In the three species mentioned, the 
characters of the valves and the siphons of 
the young agree with those of the adult 
specimens. Therefore, although living ma- 
terial has not been available and develop- 
mental studies have not been possible, it 
seems reasonable to consider these as 
growth series. Xylophaga mnraokai (Plate 
19, Fig. 3) is relatively simple, with the 
dorsal portion becoming thickened and 
joining laterally with the basal portion 
while the ventral flanges enlarge. In X. 
baiyeri (Plate 31, Fig. 3), the broad trans- 
verse dorsal portion becomes very con- 
spicuous and in X. abyssorum (Plate 15, 
Figs. 4, 5), the dorsal incurving of the lat- 
eral arms produce an elaborately lobed 
mesoplax. Nothing is known of the allo- 
metric changes that take place during 
growth of the peculiar dorsal plates of X. 
tubnlata Knudsen, X. bniuni Knudsen, X. 
obtusata Knudsen, and X. ichoi Turner n. 
sp. 

Detailed studies of these growth series 
will have to await improved techniques for 
handling living material under deep-sea 
conditions, and the ability to rear deep-sea 
species in the laboratory. In the meantime, 
it seems best to consider these forms as 



members of growth series rather than dif- 
ferent species, particularly because the se- ; 
lies in each case was built up from mate- 
rial taken from a single piece of wood. 

PRELIMINARY REPORT ON THE 
RESULTS OF EXPERIMENTS ON THE 
ECOLOGY OF DEEP-SEA WOOD 
BORERS AND THE ROLE OF WOOD IN 
THE DEEP SEA 

The results of the first exposures of 
wood panels at the Woods Hole Oceano- ! 
graphic Institution (WHOI )— Alvin per- 
manent bottom station south of Woods 
Hole (39°46'N, 70°41'W, in 1,830 m) were 
reported in 1973 (Turner, 1973). At that 
time, the Xylophagainae were postulated 
to be the most important deep-sea organ- 
isms involved in converting woody plant 
material to an available food source for 
other organisms. 

Pursuing this theoiy and to continue the 
studies of the ecology and life history of 
the Xylophagainae, wood panels were ex- 
posed at the Alvin permanent station in 
the Tongue of the Ocean, Bahama Islands, 
on 19-22 January 1974 {Alvin dives 492, 
493, 494, and 495) at a depth of 2,032 m. 
The first of these panels was picked up on 
7 March 1974, frozen immediately, and re- 
turned to Woods Hole where it was ex- 
amined. Newly settled larvae and meta- 
moi*phosing Xylophaga with one to two 
rows of denticulated ridges were removed 
from the panel. The specimens were ap- 
proximately 300 pm in length and the 
greatest penetration was about twice the 
depth of the shell. The debris rings sur- 
rounding the burrows were much coarser 
than those made by teredinids. The distri- 
bution of the entrance holes was some- 
what patchy and varied from 5 to 20 cm 2 . 
The specimens were too young to identify 
because none of the dorsal plates had been 
formed but examination with scanning 
electron microscopy showed a well-devel- 
oped distinctive sculpture on the larval 
shell. 

This first panel from the Tongue of the 
Ocean established that Xylophaga were 
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just beginning to settle on the wood a max- 
imum of 48 days after it was implanted in 
the bottom and that settlement of larvae 
could occur in early March, at least at this 
site. 

Three more panels were removed from 
the Tongue of the Ocean station (Tower 
1 — west arm) on 19 April 1975 during Al- 
vin dive 552. I was an observer on this dive 
and as we approached the panels I noticed 
an increase in the number of shrimp and 
galatheid crabs. The panels had numerous 
crabs crawling all over them. Some of the 
crabs had crawled under the plastic mesh 
bags covering the panels and had grown so 
large they could not escape. (Note: After 
the near loss of the panels at the northern 
station because of the heavy attack of bor- 
ers, the decision was made to put the pan- 
els in plastic mesh bags so that the pieces 
could be retrieved if they began to disin- 
tegrate.) The specimens inside the bag 
were carried to the surface with the pan- 
els. When the panel was disturbed, the 
specimens on the outside of the mesh fell 
off. The largest of the 12 crabs was 43 mm 
in length. The diamond-shaped opening of 
the mesh was 5 X 10 mm. The smallest 
crab measured 8 mm in length; others 
measured 40, 33, 32, 30, and 24 mm. It is 
obvious that the crabs were finding suffi- 
cient food either in or on the wood to grow 
at a fairly rapid rate. 

The first young crabs to find the wood 
may have fed on the newly settled Xijlo- 
phaga larvae and this might explain the 
patchy distribution of the borers in the 
panels. However, the larger crabs would 
not have stayed on the wood unless there 
was something for them to eat. The crabs 
had to be under 10 mm in length to get 
under the mesh and if the larvae were not 
settling until early March it would be at 
least early May before the borers had 
grown sufficiently to be a good food source 
for the crabs. Therefore, I think we can 
postulate that the largest crab measured 
grew at least 33 mm in a period of 10 
months. 

Examination of the panels showed a 



rather heavy attack of three species of Xy- 
lophagainae. These included Xijloreclo 
nooi Turner and two Xijlophciga species, 
Xijlophaga clench i Turner and Culliney 
and X. profunda Turner n. sp. The X. nooi 
were typical with valves that reached 5 
mm in length and burrows that were 18- 
22 mm in length. The calcareous lining of 
the burrow of the largest specimen was 13 
mm long and 2.5 mm in diameter at its 
anterior end. The smaller species of Xy- 
lophaga , X. clenchi Turner and Culliney, 
also had been obtained previously from 
wood exposed in the Tongue of the Ocean 
by John DePalma of the NOO. This is a 
fairly small species. The valves were 8—10 
mm in length and several of the specimens 
were carrying larvae on the umbonal area 
of the valves. The larvae measured 0.2 mm 
in length. The large species of Xijlophaga , 
X profunda Turner n. sp., had not been 
seen before. The valves were 14 mm in 
length, and one specimen measured 40 
mm to the tip of the siphons. The burrows 
were 45—50 mm in length. Both X. clenchi 
and X. profunda lined the posterior end of 
their burrows with consolidated fecal pel- 
lets and the burrows of all dead specimens 
contained one or more specimens of cap- 
itellid worms that were feeding on the pel- 
lets as well as the remains of the Xijlopha- 
ga. Often the spaces between the valves of 
the borers were filled with the smaller fe- 
cal pellets of the worms. Breaking these 
balls of pellets apart, I always found one 
or two capitellid worms. In the Xijlophaga 
burrows and on the surface of the wood, 
I also found two other polychaete worms. 
One belonged to the family Chrysopetali- 
dae and the other to a family of polynoid 
worms. 

A preliminary examination of the stom- 
ach contents of a broken specimen of a 
galatheid showed that the crab had ingest- 
ed some fine chips of wood because iden- 
tifiable cells remained in the material. 
Consequently, we can postulate that the 
crabs were feeding on the Xijlophaga, 
probably dead ones. The tissues of the Xij- 
lophaga are so soft that they are unrec- 
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ognizable in such a preliminary examina- 
tion. The crabs stomach also contained se- 
tae of the chrysopetalid worms, a small 
nematode, and some sponge spicules. The 
chrysopetalids probably were feeding on 
the capitellid worms. 

I think five points are worthy of notice: 
L) Xylophaga in the Tongue of the Ocean 
as well as at the northern Alvin station are 
growing much faster than one would ex- 
pect. 2) The larvae of X profunda n. sp. 
were settling in early March. 3) Xylophaga 
clenchi broods its young and was carrying 
young in mid-April. 4) Probably the crabs 
and worms were also growing faster than 
normal for the deep sea. 5) A food chain 
based on wood and Xylophaga was being 
developed. 

This lends support to my hypothesis that 
wood is an important source of enrich- 
ment in the deep sea, that it contributes 
to both the diversity of organisms in a giv- 
en area and to their rate of growth, and 
that the Xylophagainae are the most im- 
portant organisms involved in converting 
the wood to a usable form. To my knowl- 
edge, this is the first documented food 
chain for invertebrates in the deep sea. On 
the basis of these simple experiments, it 
now seems conceivable that the slow 
growth rates usually attributed to deep-sea 
animals may be due to lack of food, at least 
for epifaunal forms, rather than being an 
inherent characteristic of the species in- 
volved. 

SYSTEMATIC ACCOUNT 

GENUS XYLOPHAGA TURTON 1822 

Xylophaga concava Knudsen 
Plate 1 

Xylophaga concava Knudsen, 1961, Galathea Report, 
5: 167-169, figs. 4, 5 ( Galathea , station 726, Gulf 
of Panama [5°49'N, 78°52'W] in 3,270-3,672 m). 
1 lolotype. Zoological Museum, University of Co- 
penhagen; paratype, MCZ 235796. 

Distinctive Characters. Posterior slope 
of valves concave when viewed dorsally. 
Mesoplax composed of two rather wide, 
erect, curved plates that extend above the 



umbos. Siphons nearly the same length, 
excurrent slightly shorter with a few large 
cirri, incurrent siphon with many small cir- 
ri (Plate 1, Figs. 2, 3). Chimney apparently 
lacking, not mentioned by Knudsen and 
not found with the single specimen re- 
ported here. 

Remarks. At the time Knudsen de- 
scribed this species he had 4 specimens 
from Galathea station 726 and 25 speci- 
mens from Galathea station 739. Both of 
these stations were given as in Gulf of Pan- ; 
ama. However, station 726 is about 95 
miles west of the Gulf of Tibuga, Colom- 
bia, whereas station 739 is about 90 miles 
west of Ensenada Guayabo, Panama. A 
single specimen of X. concava was taken 
by the R/V Pillshury at station 526. This 
locality is about midway between the two 
Galathea stations. 

The Pillshury specimen agrees closely 
with the description and figures given by 
Knudsen (1961) except that the incurrent 
siphon has a double row of about 25 small 
cirri around the aperture and the excur- 
rent siphon has 6 large cirri (Plate 1, figs. 
2, 3). Concerning the siphons, Knudsen 
stated that “both openings are at the distal 
end, close together, and around them 15- 
16 small cirri are present.” In Knudsens 
illustration, the distal ends of the siphons 
appear to be contracted; neither the two 
openings nor the cirri are apparent. The 
contracted condition of Knudsens speci- 
mens probably accounts for the differenc- 
es noted here. 

Xylophaga concava is closely related to 
Xylophaga gerda Turner n. sp. but differs 
in the size of the mesoplax, the ripe of 
siphonal openings, and the chimney (See 
Remarks under x. gerda.) Xylophaga con- 
vava also is related to X. erect a Knudsen 
(1961) from the Sulu Sea. Knudsen (1961) 
reported that no cirri were visible on the 
siphons of X. erecta , that the posterior ad- 
ductor scar was much broader in X. con- 
cava, and that the posterior slope of the 
valve viewed dorsally was convex in X. er- 
ecta rather than concave. Knudsens de- 
scription of X. erecta was based on 20 



